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Introduction
A compact size antenna design with wide bandwidth (BW) characteristics is the major challenge in communication system. Another factor which over shadow its performance is its narrow BW and low efficiency when the size is reduced. First successful design of printed dipole was reported in 1987 by D. Edward et al. [1] . With proper design, printed antennas are most suitable for varieties of applications due to their planar structure and compatibility with the printed circuit fabrication techniques [7] . Printed antennas may be classified into two main categories on the basis of width to length ratio, namely: (a) Microstrip antenna and (b) Microstrip dipole antenna [7] . An antenna with narrow strip width less than 0.05 ( =free space wavelength) is called microstrip dipole [7] . Printed dipoles are sometimes used in array application, because they occupy less space compared to conventional microstrip antennas.
The strip folded dipole antenna fabricated on dielectric substrate gives wider BW and provide good matching characteristics due to its large input impedance compared to single element strip dipole.
This antenna serves as a step-up impedance transformer of the single-element impedance, when the spacing(s) between the two larger sides is very small (usually s < 0.05λ) [9] . When arm length L = λ/2, the antenna is resonant and its impedance is about 300 ohms and can be used for connections to twin-lead transmission lines [9] .
Related Works
In the year 1980, G. A. Thiele, E. P. Ekelman, Jr., and L. W. Henderson [2] proposed folded dipole of circular cross section and its equivalent transmission-line and antenna mode models and validated the model by numerical method such as Moment Method.
In the year 1985 and 1986, R. W. Lampe [3, 4] proposed design formulas for asymmetric coplanar strip folded dipole in homogeneous medium.
C. A. Balanis (2005) [9] proposed step by step design procedure of wired folded dipole antenna including expressions for equivalent radius, input impedance, characteristic impedance, current division factor and matching networks.
In the year 2007, Chen-To Tai, Stuart A. Long, proposed design formula similar to [12] except slightly different current division formula for element spacing compared to the radius of the wired folded dipole antenna.
In the year 2007, J. K. Raines [11] developed a mathematical model of the wired folded antenna with arbitrary impedance loaded at both top and base which is applicable to both long (L > ) and short( L < ) antennas.
In the year 2010, H.J. Visser [5] modified the design formulas of asymmetric strip folded dipole in homogeneous medium proposed by R.W. Lampe [3, 4] which can be applied to antenna on dielectric substrate. They also employed correction factors for the dipole length and equivalent radius in homogeneous medium.
In the year 2013, Guang Hua, Chen Yang, Ping Lu, Hou-Xing Zhou, and Wei Hong [6] proposed an odd-even mode design procedure to calculate input impedance for asymmetric strip folded dipole with smaller width of center conductor.
Different authors [5-6, 9, 11-12] proposed current division factor ( ) for wired folded dipole and strip dipole model. We transformed each model into corresponding strip dipole version necessary to compare the performance of the antenna with different values of .
Design Considerations
In case of the free-space cylindrical dipole, the electric field between the gaps in the strip of a printed dipole is along the length of the dipole [7] . This distribution is different from that in a patch antenna in which the dominant electric field component is normal to the substrate [7] . Therefore, it is not possible to feed a printed dipole directly with a microstrip line where the major electric field component is normal to the substrate [7] . According to [7] , the possible feed structure for printed dipole is coplanar strips (CPS), which is compatible, physically and electrically, with the coplanar strips printed dipole. The asymmetric strip folded dipole can be designed and can be mounted on a dielectric substrate of thickness h. The relative dielectric constant may be in the range of . ≤∈ ≤ . . If the antenna is constructed without ground plane, its radiation pattern is likely to be similar to the dipole of the same length L. The structure provides almost four times lager input impedance than that of a single dipole for L≤ /2 [9] . The length of dipole antennas are generally in the range /4 ≤ L ≤ /2 for better performance [9] . Length L is slightly less than /2 to account for fringing length extension and to make the input impedance real [9] . The separation between fed-line The configuration of the proposed folded dipole antenna in asymmetric form is shown in Figure 1 . The antenna is constructed by using microstrip folded dipoles connected with a feed line on a bottom substrate having a thickness h. The folded dipole has better BW characteristics than a single dipole of the same size [9] . Its geometrical arrangement is somewhat like a small side by side stub line which tries to nullify the reactance of a nonresonant lone dipole antenna [9] . According to the traditional analysis method [9] , the excitation of a folded dipole is decomposed into two fundamental modes: (i) the transmission line mode and (ii) antenna radiation mode. The folded dipole for T-match can also be modeled by transmission line and antenna modes [9] . The total current at the input terminals is divided between the two conductors in a way that depends on the relative width of the two conductors and the spacing between them [9] . Since the two conductors are not in general of the same width, the antenna mode current division is not unity. So a current division factor is assigned which also applies to the voltage division of the transmission-line mode [9] . The design is performed in two steps. The first step is to calculate the input impedance of asymmetric strip line in transmission mode. The second step is to calculate the input impedance of folded dipole in antenna mode and then using the traditional method the equivalent input impedance is obtained [9] . 
Input Impedance
The feed port input impedance of folded dipole is given by [9] :
(1) Where is the input impedance of strip dipole antenna with length and width 1 in antenna mode, = ( ′ / ) is input impedance in transmission line mode, is characteristic impedance of couple line defined in eqn.(4) or eqn. (6), is wave number and is current division factor. The current division factor for non-uniform dipole radius transformed into equivalent radius for very thin strip dipole can be expressed as [9] : [6] is given by:
+ 0.25 , = − . , = − . When W 1 and W 2 are small compared with the spacing (s), the current division factor proposed in [12] may be modified from circular cross section to strip folded dipole with the concept of equivalent radius given in [9] can be expressed as:
Another value of current division factor reported in [5] is given by:
Further current division factor proposed in [11] modified for strip folded dipole as:
The input impedance of the asymmetric strip folded dipole of eqn. (1) can be expressed as [9] : = + (2) Where and are the real and imaginary part of input impedance of strip dipole antenna.
The reflection coefficient and Voltage Standing Wave Ratio (VSWR) can be expressed as [9] :
Characteristic Impedance
At very high frequency operation, substrate height plays a crucial role in accurate formulation of effective dielectric constant. When substrate height is not very small compared with the in the dielectric, the quasi-static expressions may be inadequate [7] . In case of a digital signal with short rise time propagates along a microstrip line, the signal can be assumed to contain a number of high-frequency harmonics [10] . In such a situation, an accurate dispersion model for propagation along microstrip lines is required [10] .The characteristic impedance can be determined by odd-even method to account for dispersion. An asymmetric folded dipole in antenna mode can be viewed as symmetric two-port microwave network. We have proposed: (a) Coplanar Waveguide models and (b) Coplanar Strip model for accurate determination of characteristics impedance and effective dielectric constant.
Coplanar Waveguide Model:
The Coplanar waveguide model (CPW), printed on a finite-thickness dielectric substrate is shown in Figure 2 . The width of the dielectric substrate is assumed to be finite. The quasi-static expression for characteristic impedance and effective dielectric constant of this transmission line are given by [7] :
Figure 2. CPW Model of Transmission Lines with 2b= + +S separated by Distance S=2a Representing Equivalent Printed Folded Dipole
In the above expressions (eqn. (4) and eqn.(5)) K is complete elliptical integral of first kind. An approximate expression for ( )/ ( ′ )which is accurate to 8 ppm can be written as [7] :
(5a) Characteristic impedance and effective dielectric constant of asymmetric CPS with finite substrate thickness is given by [7] :
, and also
Effective Dielectric Constant of Even and Odd Mode
The zero frequency approximation of effective permittivity ( ) to account for the fringing can be expressed as [8] : .
The even-mode effective permittivity for coupled microstrip lines for u= W/h, g= S/h and in the range . ≤ ⁄ ≤ , . ≤ ⁄ ≤ and ≤ ≤ for zero conductor thickness is given by [7] : [(∈ − . )/(∈ + )] .
The odd-mode effective dielectric constant for coupled microstrip lines for zero conductor thickness is given by [7] :
+ .
• (− . )
Characteristic Impedance of Even and Odd Mode
The even-mode characteristic impedance of coupled microstrip lines is given by [7] : 
Similarly, the odd-mode characteristic impedance of coupled microstrip lines is [7] : ) .
Simulation
Considering the input impedance of the model in eqn. (1), it is possible to simulate and analyze the behavior of the model using eqn.(1a).-(1e),eqn.(2)-(3a) with eqn.(4) or eqn.(6) . One of the important factors in the design of folded dipole antenna is its current division factor or impedance step up ratio α as given in eqn. (1a), eqn.(1b),eqn.(1c), eqn.(1d)and  eqn.(1e) , as their values determine the step up of impedance, depending upon the width and spacing between the two arms of the folded dipole antenna. Further, due to the coupling of the electromagnetic field between the coupled lines, the lines can support two propagation modes namely: (a) even and (b) odd modes [7] . Even-mode propagation implies two signals of the same amplitude and zero phase difference passing through the coupled line, while oddmode operation denotes the propagation of two signals of the same amplitude but phase difference [7] . Due to the inhomogeneous dielectric medium, namely: (i) air and (ii) substrate material, the two modes have different effective dielectric constants and phase velocities that degrade the performance of the coupled lines [7] . When operating at different modes, the effective capacitance between the two transmission lines and the ground plane is different and contribute to two impedances namely: (a) even-mode (eqn. (11)) and (b) odd-mode impedances (eqn. (12)).The characteristic impedance of the coupled line dependents on and . In order to evaluate the performance and accuracy of the model, we simulate it in MATLAB Platform. The Flow diagram of the simulation program is given in Figure 4 . 
Result and Discussions
Real and imaginary part of input impedance as given in eqn. Figure 8 respectively. It is observed that the input impedance increases with frequency and the variation is uniform for nearly symmetric folded dipole antenna. At resonance frequency the input impedance is nearly four times that of single dipole. The current division factor obtained from eqn.(1a)-(1e) for asymmetric and nearly symmetric folded dipole is simulated as a function of dipole spacing and the responses are shown in Figure 9 and Figure  10 respectively. It is observed that for nearly symmetric folded antenna step-up impedance ratio is nearly equal when spacing is very small. The VSWR of eqn. (3a) using eqn.(1)-eqn.(3) and eqn.(6) with different values of , from eqn.(1a) -eqn.(1e) is simulated as a function of frequency and the responses are shown in Figure 11 and Figure 12 for asymmetric and nearly symmetric strip folded dipole antenna respectively. From the plot it is apparent that asymmetric folded dipole yield large Band Width (BW) with VSWR=2 compared to nearly symmetric folded dipole. We have simulated VSWR of eqn.(3a) using eqn. (1) Table 1-Table 5 . The even-odd-mode effective dielectric constant and characteristic impedance as function of substrate height are simulated and the responses are depicted in Figure 17 and Figure 18 respectively. The even-mode effective dielectric constant and characteristic impedances are appeared to be more accurate within the substrate thickness range. The results show that the variation of characteristic impedance with substrate height is much sharper than the variation of an effective dielectric constant with substrate height. Further, it is seen that the even-mode parameters show a greater variation with substrate height than the odd mode parameters. The α values of eqn.(1e) shown in Table-1 collapse giving real and imaginary part for nearly symmetric case when the element spacing between the folded dipole strips are very small. Further, when spacing s between the lines is very small the characteristic impedance and dielectric constant yields real and imaginary part as can be seen in Table 3 . According to [12] the spacing act like a slot and it fails to resonate when the slot width is very small compared to widths of the coupled line. 
Conclusion
A microstrip folded dipole antenna is modeled and simulated with center frequency of 3GHz and fractional BW is determined for VSWR 2. It is observed that the folded dipole design gives wide impedance BW with variation of spacing and width ratio of folded arms. The odd-even mode design is applied to calculate input impedance and effective dielectric constant for asymmetric strip folded dipole. The values of current division factor ( ) proposed in five models are compared. It differs significantly from the original folded dipole antenna model (eqn.1a) of circular cross section transformed to corresponding strip dipole model. The simulation is performed with of different models. The results closely agree for nearly symmetric folded dipole antenna and BW values are almost equal. In case of asymmetric folded dipole, the maximum value of BW is obtained; when of eqn. (1a) is used, while eqn. (1b) yields minimum value of BW. However if the width of center conductor W 1 is made smaller than the width of folded arm W 2 , eqn. (1b) yields large BW while all other values of (eqn. (1a), (1c)-(1e) ) gives smaller BW when W 1 <W 2 .
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